Abstract. In this paper, changes in sequences pattern describing damage-sensitive features of an object which undergoes a failure mode are recognized using an immune algorithm. A frequency response change is an effect for various failure modes occurrence. The objective of this paper is to present immune algorithm for pattern recognition which can discover dependencies between failure mode and effect -frequency response change. Changes in the effect are described with noise due to the fact that the object operates in external conditions. In the immune algorithm antibodies encode various changes in the effect after a given mode occurrence by a number of time. A pathogen encodes a noisy effect of the mode occurrence. Antibodies belonging to a given neighbourhood represent effects after a given type of failure mode occurrence. Antibodies from the neighbourhood undergo clonal selection and affinity maturation process. With the best matched antibody the type of failure mode is achieved.
Introduction
Genetic algorithms (GA) belong to the most popular evolutionary algorithms used for time-series pattern recognition problems. The example of application of GA for prediction of firms' stock prices is presented in [1] , for making a buy and sell decision in [2] , for prediction chaotic time series of sunspot data in [3] . In this paper an immune algorithm (IA) is proposed for time-series pattern recognition problem for failure mode detection. IA is an efficient multi-criteria solution search method [4] . Presented in this paper, time-series pattern recognition artificial immune system can be applied in various engineering problems for example for: the problem of design similarity evaluation [5] featurebased fault diagnosis [6] , the classification of structural brain images [7] and fault diagnosis of hydraulic systems [8, 9] .
In this paper, changes in sequences pattern describing damage-sensitive features of an object which undergoes a failure mode need to be recognized using an immune algorithm. Let us assume that a frequency response change is an effect we analyse for various failure modes occurrence. The objective of this paper is to present immune algorithm for pattern recognition which can discover dependencies between failure mode and effect -frequency response change. In the immune algorithm antibodies encode various changes in the effect after a given mode occurrence by a number of time. Changes in the effect can be described with noise due to the fact that the object operates in external conditions. In the immune algorithm a pathogen encodes a noisy effect of the mode occurrence. The degree of similarity between sequences of damage-sensitive features is computed in order to identify neighbourhoods. Antibodies (sequences) belonging to a given neighbourhood can represent effects after a given type of failure mode occurrence. Antibodies from the neighbourhood undergo clonal selection and affinity maturation process to achieve better affinity to the pathogen. With the best matched antibody the type of failure mode in the problem of frequency response change recognition is achieved. The pattern recognition system which can discover dependencies between data entries in timeseries is based on immunology thus the following analogies are adopted: a pathogen appearance fuels defending reaction of immune system by producing antibodies by B-Lymphocytes and receptors on surface of T-Lymphocytes. If the pathogen matches to antibodies or receptors, the Lymphocytes are stimulated to grow and clone. Offspring of Lymphocytes better adjusted to the pathogen, destroy it. Among offspring there are memory T-Lymphocytes that circulate in a blood for a long time and are called memory cells. If the same pathogen enters the immune system second time, the immune response is quicker and more effective. The immune system controls the diversity of generated antibodies. The small number of diverse antibodies means the defeat in the battle with a new pathogen.
If memory T-lymphocytes re-match with the same pathogens, memory T-lymphocytes react more intensively involving more efficient proliferation of effector T-lymphocytes that kill the pathogens. Suppressor T-lymphocytes protect against excessive growth of effector Tlymphocytes.
Problem formulation
Let us consider an object working in a "normal" environment -without any disruption. The object without any failure is called a "healthy case" H and is described by a set of points   
Pattern recognition immune system
The phenomena mentioned in the introduction are used in the pattern recognition immune system: the pathogen represents noisy time-series data describing an effect of a type of failure mode occurrence, antibodies correspond to time-series data describing effects of possible types of failure modes occurrence and the best matched antibody to the pathogen corresponds to the solution of the timeseries pattern recognition problem -the type of failure mode is achieved. A degree of affinity of an antibody to the pathogen represents a distance in a solution space.
The algorithms consists of following steps: 
Conclusions
In the paper, the Immune Algorithm (IA) for time-series pattern recognition is presented. IA is used to identify similarity of sequences describing a frequency response change of the object which was undergone to the influence of failure mode (antibody) to a sequence describing also a frequency response but with a noise (pathogen). We assumed that the pathogen is a randomly selected antibody (solution) which sequence of a frequency response undergo noise, 
